Travel-related schistosomiasis is usually associated with prolonged freshwater exposure. Until recently, Uganda's crater lakes were considered schistosomiasis free due to their highaltitude location. We describe an outbreak of acute schistosomiasis after a brief exposure (mean, 22 ± 9.5 minutes) to a high-altitude crater lake.
Schistosomiasis is caused by helminth parasites of the genus Schistosoma. Infection in humans comes from water contact and transmission occurs via the penetration of larval cercariae that has contaminated freshwater. An estimated 85% of the world's cases are from Africa [1] . The attack rate of schistosomiasis in local populations depends on 2 variables: the frequency of water exposure and the mean duration of water exposure per person [2] .
Schistosomiasis in travelers to Africa is well established, including outbreaks among tourists after recreational freshwater exposure, mainly prolonged exposure [3] [4] [5] . In a study examining the risk factors among nonimmune travelers, a direct correlation was found between the length of stay at a lakeshore and seropositivity to Schistosoma, with up to 90% seropositivity after 10 days of stay [6] .
Travel-related schistosomiasis is reported from Uganda; however, these reports are from the Nile River and its tributaries [5, 7] . Western Uganda has a chain of crater lakes where schistosomiasis was thought to be unlikely due to the high altitude (>1400 m) [8, 9] .
In this study, we describe an outbreak of acute schistosomiasis among all 10 members of an organized tour to Lake Nyinambuga, a crater lake in Western Uganda, where these tourists had a single brief freshwater exposure. Early detection of the index case led to rapid diagnosis of the remaining group members. Symptoms and outcomes were observed prospectively.
METHODS
Upon identification of the index case, an outbreak investigation was initiated. Within 1 week all members of the group who had had freshwater exposure presented to one of our travel medicine clinics, either at the Sheba Medical Center in Tel-Hashomer or the Shaare-Zedek Medical Center in Jerusalem. Each patient was interviewed and examined, and workups were initiated depending on patients' history and clinical condition. The study was approved by Shaare-Zedek Medical Centers' ethical review board.
Schistosoma infection was defined as exposure to Lake Nyinambuga and positive serologic results or presence of ova in stool or urine.
Serologic studies were conducted at the Parasitology Reference Center, Israel Ministry of Health, Jerusalem. The serologic test is based on soluble egg antigen enzyme-linked immunosorbent assay (ELISA; IVD Research) and is not species specific. Some of the blood samples were subsequently sent to the Laboratory of Parasitic Diseases at the US Centers for Disease Control and Prevention (CDC) for species-specific serologic assay (Falcon Assay Screening Test). Stool (with the merthiolateiodine-formaldehyde technique) and urine specimens were tested for the presence of Schistosoma ova at the Parasitology Reference Center.
Descriptive statistics were utilized to depict the demographics of the variables of the exposed travelers.
RESULTS
The index case was an 18-year-old man who presented with a 3-week history of severe headaches, weakness, and intermittent fever and a week of dry cough and diarrhea. Three weeks prior to the onset of symptoms, the patient returned from a 10-day organized tour to Uganda. During the trip the patient had a single short exposure (15 minutes) to freshwater in Lake Nyinambuga ( Figure 1 ). At presentation, physical examination and laboratory workup were normal with the exception of marked eosinophilia of 9730 cells/µL (55%). The clinical picture and presence of eosinophilia, along with a history of freshwater exposure in an endemic country, led us to suspect the diagnosis of acute schistosomiasis. This initiated the examination of the other group members. The group consisted of 19 travelers, and 10 in the group had freshwater exposure. None had a past history of freshwater exposure in countries endemic for schistosomiasis. Each of the 10 persons in this group had this single freshwater exposure on the same date in August 2012, and they all developed symptoms of acute schistosomiasis. None of the remaining unexposed travelers had symptoms. Table 1 summarizes the demographic and laboratory characteristics of each patient at diagnosis. The mean duration of exposure was 22 ± 9.5 minutes, and yet, all 10 travelers became infected, as proven by a 100% positive serology. Ova were not detected in stool or urine; therefore, available samples from 8 patients were sent to the CDC's Laboratory for Parasitic Diseases species identification. All samples were positive for Schistosoma by ELISA; among them, 3 were positive for Schistosoma mansoni by immunoblot, and others were likely tested too early and could not be specified. All samples were negative for Schistosoma haematobium.
None of the travelers reported cercarial dermatitis, but all developed symptoms of acute disease. The interval from exposure to symptoms varied, with a mean lag of 3.8 ± 1.25 weeks. Nine of the 10 patients had eosinophilia with a mean of 2690 ± 2992 cells/µL. The variety of clinical symptoms is summarized in Table 2 . The most prominent symptom was headache (100%). Nine travelers had fever, and 7 patients reported neck pain. Weakness was a very commonly reported symptom (90%), and also the first symptom to appear and the most sustained complaint (mean, 6.1 ± 3.0 weeks). The duration of symptoms varied significantly.
Five travelers required steroids for symptomatic relief. All 10 infected travelers were treated with praziquantel 3 months after exposure. Three travelers became asymptomatic before treatment, 5 had a significant improvement within a month, and 2 patients had weakness and fatigue up to 3 months after treatment.
DISCUSSION
In sub-Saharan Africa, many lakes such as Lake Malawi and Lake Victoria are known to harbor Schistosoma species. There are other, lesser known water reservoirs that also harbor Schistosoma; however, the possibility of contracting infection in those areas is not commonly appreciated. In many locations, travelers might be reassured by locals that exposure to a particular body of freshwater is safe, as was the case in our group.
Acute schistosomiasis is a transient hypersensitivity syndrome that is caused by the juvenile forms of Schistosoma species [10] . The clinical manifestations of this syndrome appear 2-8 weeks after exposure and the common manifestations are fever, urticaria, malaise, cough, myalgia, and gastrointestinal complaints [11, 12] . In this outbreak, the incubation period ranged from 3 to 7 weeks. Symptoms were similar to those from our previous report from Tanzania [11] . Neck pain, which is not a recognized symptom, was encountered by 70% of the members of the group. In our experience from former groups [11] and from individual cases, neck pain is a characteristic symptom of the acute syndrome, and we recommend inquiring about this symptom.
The infection was acquired at Lake Nyinambuga, a crater lake, which is 1630 m above sea level. Former reports, mainly from Africa, show a reverse correlation between the altitude of the water reservoir and the prevalence of Schistosoma infection among the local populations [13] [14] [15] [16] . The crater lakes were considered to be free of schistosomiasis due to their altitude of >1400 m above sea level [8, 9] .
Absence of infection at high altitude may be due to suboptimal conditions for the existence of the intermediate snails.
There are, in fact, data showing a variation of intermediate snails in water resources in different altitudes [17] . Additionally, the low water temperatures restrict the parasite development and change host behavior [13] [14] [15] [16] .
However, in a recent report by Rubaihayo et al, the crater lakes in Uganda were shown to pose a risk for the local population for S. mansoni, although the risk of infection was inversely correlated to the lakes' altitude, and above 1600 m the risk of Figure 1 . Map of Uganda. Arrow indicates the Nyinambuga crater lake. infection substantially decreased [7] . The explanation for the recent introduction of schistosome infection to these lakes is not clear.
Our current outbreak is the first report of Schistosoma among travelers to the crater lakes. Among the locals, one can argue that the infection was contracted by exposure to other water sources including in lower altitudes. In this outbreak, the travelers served as sentinels, without past exposure, clearly indicating that intensive infection can occur at high altitude.
In search of possible explanations for an ecological change allowing for the emergence of Schistosoma infection in these lakes, we found that tilapia species were introduced into the crater lakes in the 1940s. Over the past decade, western Uganda, including the crater lakes, has been dealing with an increase in illegal fishing, with some fishermen using mosquito bednets to catch small fish. Tilapia and Nile perch species are greatly threatened by this illegal fishing and might face extinction (http:// in2eastafrica.net/uganda-70-lakes-run-out-of-fish/). Historically, the reason for the resurgence of Schistosoma in Lake Malawi was explained by overfishing, which led to a decline in the numbers of molluscivorous fish, consequently resulting in proliferation of the intermediate host snail population [6, 18] . This is a plausible explanation for the newly identified epidemiology of Schistosoma in the crater lakes. Further investigation is warranted to clarify the etiology of this change.
In conclusion, we describe an outbreak of acute schistosomiasis in travelers after a single brief exposure to the Nyinambuga crater lake, Uganda. This is the first report of the disease in travelers to the crater lakes. Previous reports demonstrate lower infection rates in high-altitude bodies of water; however our report of 100% attack rate at a lake at an altitude of 1630 m signifies the heavy burden of infected snails in the lake. Ecologic changes and illegal fishing possibly changed the epidemiology of schistosomiasis in the crater lakes. This should be further investigated with the presumption that protecting the fish population might serve as an important tool for schistosomiasis control.
Travelers to Africa should be aware that all bodies of freshwater, even those at high altitude, may harbor risk for Schistosoma infection. 
